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METHOD FOR PRODUCING A GATE STRUCTURE FOR AN MOS TRANSISTOR 

BACKGROUND OF THE INVENTION 

5 Cross-Reference to Related Application: 

This application is a continuation of copending International 
Application No. PCT/EP02 / 1 1084 , filed October 02, 2002, which 
designated the Untied States and was not published in English. 
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1. Field of the Invention: 

The present invention refers to a method for producing a gate 
structure for an MOS transistor and particularly an MOS 
15 transistor whose gate oxide has a ramp-shaped shape between 
source region and drain region. 

2. Description of the Related Art: 

20 Basically, the production of a MOS transistor is performed in a 
known way by generating a gate structure on a channel area later 
disposed between a source region and a drain region. For 
generating the gate structure a Si02 layer (gate oxide) will be 
generated or deposited as dielectricum, on which a Polysilicon 

25 layer will be generated as gate electrode layer. 

For certain applications, such as LDMOS transistors, it can be 
advantageous that the dielectric of the gate electrode, i.e. the 
gate oxide, has a lower thickness on the source side than on the 

30 drain side. This combines the call for a low resistance R on (i.e. 
a gate oxide as thin as possible) on the source side, and for a 
high dielectric strength, i.e. a gate oxide as thick as possible, 
on the drain side. To realize such a gate oxide, up to now, an 
"oxide ramp" was provided and, as a result, the alignment of the 

35 gate electrode was altered on this ramp. Since this method 
cannot self-adjust to correct the alignment of the gate 
electrode, restrictions result due to the limited alignment 
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capabilities of the exposure equipment for structuring the 
polysilicon layer from which the gate electrode is generated. 

SUMMARY OF THE INVENTION 

5 

It is the object of the present invention to create an improved 
method for producing a gate structure for an MOS transistor whose 
gate oxide is formed by an oxide ramp. 

10 In accordance with a first aspect, the present invention provides 
a method for producing a gate structure for a MOS transistor, 
having: generating a layer sequence from an oxide layer, an 
auxiliary layer and a masking layer on a substrate, the auxiliary 
layer and the masking layer being structured to determine an edge 

15 separating an area of the oxide layer covered by these layers 
from an exposed area of it; performing an oxidation for 
generating an oxide ramp in the area of the edge; partly removing 
the auxiliary layer for generating a hollow space of 
predetermined length between the oxide layer and the masking 

20 layer; and introducing a gate electrode material into the hollow 
space for generating a gate electrode. 

In the inventive method, a so-called bird beak, i.e. an area 
with constantly rising oxide thickness, which can also be 

25 referred to as oxide ramp, is formed by the step of oxidating 
at the edge of the auxiliary layer bordering on the oxide 
layer. The present invention utilized the fact that the 
oxide ramp is at least partly generated below the auxiliary 
layer and the masking layer covering the oxide layer, to 

30 realize a self -ad j usted generation of a gate electrode layer. 

For that purpose, the edge is used, so to speak, as "adjustment 
feature", by generating a hollow space of predetermine length 
beginning from the edge by removing the auxiliary layer, into 
which the gate electrode material will be introduced to 

35 generate the gate electrode. Thus, the gate electrode is 

adjusted relative to the edge and thus relative to the oxide 
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ramp having a defined positional relationship with respect to 
the edge. 

Thus, according to the present invention, the gate electrode 
5 will be generated self -ad j usted, so that in contrary to the 
prior art the adjustment has not to be performed by 
structuring a fully deposited gate electrode layer with the 
limited adjustment possibilities associated therewith. Thus, 
the inventive method does not need additional masking steps 
10 and lithography steps for adjustment. Further, the inventive 

method can cause a very accurate adjustment, whose accuracy is 
not affected by restrictions with respect to the limited 
adjustment possibilities of the exposure equipment. 

15 According to the invention, the gate electrode material will 
preferably be introduced in the pocket-shaped hollow space 
below the masking layer, by first depositing a gate electrode 
material layer on the structure, wherein this material enters 
also the above-mentioned hollow space and fills it. 

20 Afterwards, the deposited layer will be removed selectively, 
so that the part of the gate electrode material being in the 
hollow space remains as gate electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Preferred embodiments of the present invention will be 
discussed in more detail with reference to the accompanying 
drawings. They show: 

30 Fig. 1 to 8 cross-sectional views of different process stages 
of a preferred embodiment of the inventive method. 


DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 

In the preferred embodiment of the inventive method, first, a 
lower silicon oxide layer (Si0 2 ) 4 is applied on a starting 
material, which is preferably a silicon substrate 2. On the 


lower silicon oxide layer 4, a silicon nitride layer (Si 3 N 4 ) 6 
is deposited,, on which again an upper silicon oxide layer 
(Si0 2 ) 8 is deposited. The oxide layer 4 can, for example, be 
generated by a thermal oxidation, while the silicon nitride 
layer 6 and the silicon layer 8, respectively, can, for 
example, be generated and deposited, respectively, from the 
gas phase in a known way. The resulting structure is 
illustrated in Fig. 1. 

Afterwards, the upper oxide layer 8 and the silicon nitride 
layer 6 will be patterned by a lithography step and a 
subsequent etching to define an edge in them, which is 
separating an area of the oxide layer 4 covered by these two 
layers 6 and 8 from an exposed area of the oxide layer 4, as 
illustrated in Fig. 2. After patterning the layers 6 and 8, an 
oxidation is performed, whereby the thickness of the exposed 
Si0 2 layer 4 increases. At the edge 10 of the previously 
structured nitride layer 4 a so-called bird beak 12 is formed, 
i.e. an area with constantly rising oxide thickness, which can 
also be referred to as oxide ramp 12. The shape of the this 
oxide ramp can be influenced by the thickness of the oxide 
layer 4, the thickness of the nitride layer 6 as well as the 
method parameters in the performed oxidation. 

In the oxidation process, a nitride oxide layer, which is not 
shown, is formed on the front face of the nitride layer 6 of 
the edge 10, which is removed after the oxidation by a very 
short oxide etching. 

After generating the bird beak or the oxide ramp 12, 
respectively, the nitride layer 6 will selectively be etched 
back wet-chemically to generate the hollow space 14 below the 
upper oxide layer 8 serving as masking layer, i.e. between the 
upper oxide layer 8 and- the lower oxide layer 4. The depth of 
the hollow space 14 corresponding to the gate length can be 
set by respective choice of the etching parameters. The 
resulting structure with the pocket-shaped hollow space 14 is 
shown in Fig. 4. 


After generating the hollow space 14, a polysilicon layer 16 
will be deposited on the structure shown in Fig. 4 in 
conformity therewith by using known methods. As shown in Fig. 
5, the generated polysilicon layer 16 covers the whole surface 
of the structure and further fills the hollow space 14 fully. 

In a subsequent method step, the polysilicon layer 16 will be 
etched back anisotropically and selectively to silicon oxide, 
whereby it is fully removed apart from the parts being within 
the hollow space 14. Thereby, a gate electrode 18 introduced 
in the hollow space 14 will be generated from the polysilicon 
layer 16, as shown in Fig. 6. Due to the fact that the hollow 
space 14 has a fixed spatial relationship to the edge 10 and 
the edge 10 has a fixed spatial relationship to the oxide ramp 
12 the gate electrode 18 formed in the hollow space is 
adjusted with regard to the oxide ramp 12. 

In the shown preferred embodiment, the silicon oxide layer 8 
will subsequently be etched back anisotropically and 
selectively, wherein the resulting structure is shown in Fig. 
7. Afterwards, the silicon nitride layer serving as auxiliary 
layer will be selectively etched to silicon and selectively to 
silicon oxide, so that the gate structure shown in Fig. 8 
results. These steps of selectively removing the silicon oxide 
layer 8 and the silicon nitride layer 6 are optional, 
depending on how the gate electrode is to be contacted. 

The structure shown in Fig. 8 can now serve as a starting base 
for generating a MOS transistor. Here, it should be noted, 
that, depending on the process, steps for generating the other 
transistor structures, such as the drain regions or source 
regions can already be performed prior or during performing 
the inventive method for generating a gate structure. 

The process steps necessary for performing the inventive 
method can all be performed by techniques known in the art, 
wherein the choice of appropriate depositing methods for 
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depositing the individual layers, appropriate structuring 
methods, appropriate edge means as well as further appropriate 
method parameters are obvious for a person skilled in the art. 
Further, it is obvious that the materials described above with 
5 regard to the preferred embodiments are only exemplary and 
that other materials with similar properties can be used 
instead of the ones described. For example, instead of a 
silicon substrate a silicon carbide substrate (SiC) can be 
used as substrate 2. 
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While this invention has been described in terms of several 
preferred embodiments, there are alterations, permutations, 
and equivalents which fall within the scope of this invention. 
It should also be noted that there are many alternative ways 
15 of implementing the methods and compositions of the present 
invention. It is therefore intended that the following 
appended claims be interpreted as including all such 
alterations, permutations, and equivalents as fall within the 
true spirit and scope of the present invention. 
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